Based on data from the existing literature, we can safely suggest that bone mineral changes around cementless and cemented conventional femoral stems, and conservative femoral stems, are not predictive of either satisfactory or unsatisfactory total hip arthroplasty long term clinical outcomes. Additionally, studies with a follow up shorter than 5-10 years are perhaps clinically irrelevant. These observations may be helpful in interpreting the existing literature.
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Bone remodelling around both cementless and cemented total hip arthroplasty implants is a very interesting phenomenon. In the early stages, it is due to bone injury caused by the surgery and early bone adaptation to the altered mechanical environment caused by the insertion of the implant. In the later stages, it is due to late adaptation to the altered mechanical environment, wear particle induced osteolysis and ageing related bone changes. At least in theory, this remodelling process is thought to be potentially detrimental for patients, resulting in late loosening and late periprosthetic bone fracture, and rendering revision surgery more complicated. 1, 2 A physiological mechanical loading pattern of a native proximal femur maintains normal bone structure, whilst non-physiological loading can cause either regional atrophy or hypertrophy. Generally, normal loading of the proximal native femur produces greater compressive stresses in the calcar region when compared to the distal diaphyseal regions. 3 An ideal femoral implant should restore a physiological load transfer in the proximal femur. However, this is not the case, as the femoral loading pattern is modified by all types of implants resulting in a proximal unloading and a transfer of the majority of the compressive loads to the distal part (stress shielding). 3 Thus, proximal femoral bone responds by proximal metaphyseal resorption, detected as calcar and proximal cortical bone atrophy, and distal diaphyseal bone formation, detected as distal cortical hypertrophy. 3 Bone remodelling around a stem is an unavoidable long-term physiological process and remodelling patterns are affected by several factors. These include patient related factors, such as gender, age, initial femoral bone stock, patient activity and underlying disease, as well as prosthesis related factors, such as type of fixation, stem length, stiffness, design, the type and extent of the coating area, and the method of femoral bone preparation. [4] [5] [6] [7] In recent years, different types of new neck and metaphyseal stabilised conservative (short) femoral stems have been designed and used in order to mimic the physiological load transfer on the proximal femur at the same time minimising the effects of stress-shielding and bone atrophy, especially in younger patients for whom future revision surgery is likely. Preservation of the metaphyseal bone stock is also regarded as a benefit in order to facilitate future femoral reconstructive procedures. These stems are associated with a high load distribution on the calcar medial femoral region which, at least in theory, predicts satisfactory long term implant survival. However, a certain amount of stress shielding seems to occur and this may, with short stems, also be related not only to stem geometry, but also to the final stem varus or valgus position. Therefore, correct implant alignment and good bone quality are important factors for short stems in order to obtain optimal load distribution.
Bone remodelling around total hip arthroplasty implants was initially studied on serial radiographs using the Engh method. 8 Later on, a more accurate DEXA-scan method was used to evaluate both the acetabular and femoral region. 5,6,9,10 As a result, a large number of studies Clinical relevance of bone remodelling around conventional and conservative (short-stem) total hip arthroplasty implants appeared in the literature evaluating this phenomenon around both cementless and cemented implants with a follow-up between 2 and 5 years. [4] [5] [6] The pattern of adaptive bone remodelling varies with different cementless femoral stems and it appears to be strictly related to the design (more apparent with bigger and stiffer femoral stems) and to where the femoral stem is fixed on the bone and thus to where stresses are created and transferred on the surrounding bone. Conventional cementless stems have shown a constant decrease of periprosthetic bone mineral density, especially over the course of the initial 2 years following surgery. Milder bone mineral changes were observed with the use of cemented stems. 11, 12 This observation led to the prediction of unfavourable longterm results for certain femoral stem designs, [4] [5] [6] and to the development of the so called "isoelastic" femoral stems which also showed high mid-term failure rates. 13 Interestingly, based on the small number of available longterm studies, the above negative predictions have been proved wrong. It has been shown that after the 2nd postoperative year bone mineral density progressively recovers over a period of 10 years, 7 and there is no evidence that clinical outcomes are related to bone remodelling regardless of the stem design assessed. [14] [15] [16] Additionally, cortical thickness in the proximal femur at 15 years of follow-up was found to decrease in both sides but more on the nonoperated side. 17 This could possibly indicate a preservation of cortical thickness through stress transfer on the implant side. 16, 17 Recently, a number of studies evaluating bone remodelling around various neck and metaphyseal stabilised conservative femoral stems have been published with a short follow-up of approximately 2 years. 5, 6, [18] [19] [20] [21] [22] [23] These studies showed an implant specific pattern of bone remodelling. 16 Some implants transferred loads to the lateral and distal medial regions, causing proximal stress shielding and bone atrophy in the great trochanter and calcar regions. 16 It seems that maximum bone remodelling takes place within 6 months after surgery and reaches a plateau after 1 year. Again, there is the issue of heterogeneity and a lack of long-term observations and correlations to total hip arthroplasty outcomes.
Based on data from the existing literature, we can now safely suggest that bone mineral changes around cementless and cemented conventional femoral stems, and conservative femoral stems, are not predictive of either satisfactory or unsatisfactory total hip arthroplasty longterm clinical outcomes. Additionally, studies with a follow-up shorter than 5-10 years are perhaps clinically irrelevant. These observations may be helpful in interpreting the existing literature.
